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(57) Abstract 

A method and system for detecting nonfunctianal ink-jets 
and compensating for tiie nonfunctional ink-jets in an ink-jet 
printer (54). The ink-jet pnoter (54) includes a printhead (44) 
having a plurality of ink-jets (192). each ink-jet (192) being 
assigned to print respective dots on a respective raster line of a 
reconlxng medium in accordance with a print mask (100), wherein 
when an ink-jet (192) is detected as being defective, at least 
a portion of said print mask is replaced a replacement 
mask (500) snch that one or more of the remaining ink-Jets 
(192) of the plurall^ of ixik-jets coxnpeosates for the detective 
Ink-jeL The method includes: detecting when an ink-jet <192) 
is noofonctional; and when an ink-jet Is determined to be 
nonfunctional, replacing at le^st a portion of the print mask (100) 
wiA a replacement mask (500) such that one or more of the 




remaining ink-jets (192) of the plurality of ink-jets compensates 
for the nonfonctiona] ink-jeL In order to detect a nonfimctional element. e.g.. an ink-jet. in the piinthead, the ink-jet printer system of 
the invention furtlier inchides: a switching power supply (80). coupled to the ink— jet printtiead (44X for supplying power to the prmthead 
(44); an output capacitor (164). coupled to an ou^ut of the switching power supply (80), for storing a dc voltage therein; a bleed resistor 
(166) coupled in parallel to the output capacitor (164). for discharging current from the output capacitor (164); an output shiiting ciicuU 
(164. 166. 172 and 174), coupled to the switdung power supply, for shifting the dc voltage level across the ou^ut capacitor (164) from a 
low state to a high state; and a sensor (180), coupled to the output of the switching power supply (80). for detecting when the switching 
power supply (80) is switching, wherein an clement of the printhead (44) is tested by measuring a test cunent discharging from the ou^ut 
capadtor (164) when the element is activated and comparing the measured test current with a reference current which discharges from the 
output capacitor (164) ^uough (he bleed resistDi (4 66) y/hm no element of tiie printhead (44) is activated. Ihe-m^thod includes; supplying 
regulated power to the printhead (44); storing the regulated power in a capadtor (164) so as to provicie a dc voltage across the capadtor; 
shifting the dc voltage level stored in the capacitor (164) from a low state to a high state; measuring a test cnrrent discharging from the 
capadtor (164) when an dement of the printhead (44) is activated; measuring a reference current discharging from the capadtor (164) 
through a bleed resistor (166). when no elements of the printhead (44) are activated; and comparing the measured test current with the 
reference current. 
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INK JET PRINTER. METHOD AND SYSTEM COMPENSATING FOR NONFUNCTIONAL PRINT 
ELEMENTS 

Reld of the invention - • 

The invention reFates to multipass ink-jet printing. More particularly/the invention relates to a method and 
5 system for detecting one or more failed ink jets and thereaftEr compensatino for the one or more failed ink jets with 
the remaining operd^nal ink jets. 

Description of the Related Technoloov 

Multi pass printing is a technique used to reduce banding in ink-jet printing. Dots of ink, when stiil in liquid 

10 form, tend to run together due to surface tension. This is referred to as coalescence. To print a high quality image 
it is important to print individual round dots. But to achieve fuO saturated colors, the dots must overlap to 
completely cover the paper. By only printing a portion of the image data so as to avoid simultaneously printing 
adjacent dots during each printing cycle, coalescence may be largely avoided. Additionally, by avoiding aO horirontal 
adjacencies, the transverse speed of the priming mechanism can be increased up to two times the rated print speed 

15 of the printhead. 

Multi-pass printing is accompfished by fntering the image data using a print mask to determine wfhich dots 
are to be printed m. each swatii. A swath is defined as a region, or portion, of a recording medium which is printed 
upon by a given portion, or print zone, of a printhead cartridge having a specified number of ink jets, as the printhead 
cartridge passes over the recording medium. The swath successhrely advances through each print zone after each 

20 pass of the printhead and is partiafly printed in each print zone. The printbig of a swath is completed after it has 
successively advanced through each print zone. 

In multi-pass printing, each jet of a printhead is assigned the role of ejecting ink, as necessary, onto pre- 
specified areas or "dots" on a raster line which Is currently in the jef s respective print zone. However, a jet 
sometimes fails either due to being clogged or electrical problems in its firing circuitry. When this occurs, the pre- 

25 specified areas which are assigned to the failed jet in accordance with a respective jet mask, are not printed upon. 
Therefore, if one or more jets faD and there are many areas in which intended mk drops are not deposited, the 
quality of the prnited image may significantly suffer. 

Prior art methods have dealt with this problem by utifizing auxifiary jets in the printiiead which are assigned 
the task of replacing failed jets. However, this method Is inefHcient because these auxifiary jets are inacth^e during 

30 periods when there are no jet faihires. Therefore, the auxiliary jets represent printhead resources which are not fully 
utilized to their maximum potential Additionally, in order to safeguard against situations in which multiple jets 
simuHaneousiy fall, not just one but a bank of multiple auxiDary jets are set aside ki the printhead for" taking -the 
place of failed jets. Althoogh printiieads having multiple auxiTiary printbeads improve the refiabOity and quafity of 
the Images produced by the printer, these printiieads are more costly, larger and, therefore, require more space in 

35 a printer than those printhaaris without auxiOary jets. 
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A basic prBmise of ink |et printers is that aO inic jets must -fire" properly (i.e., eject ink droplets) or the 
quafity of tlie present image may be degraded. The detection of nonfunctional ink jets, otherwise referred to herein 
as "open jet detection," is a method off determining which jets within a printhead cartridge are electrically 
nonfunctional. This electrical non-functionality can result from open traces, damaged drop ejection resistors, changed 
5 resistance values, or poor contact between the cartridge and a "flex circuit" which provides control signals to the 
cartridge. All fff these errors may cause tine or more jets of a iirihlhead cartridge to not fire, or fire- improperly, 
resulting fai anomalies in the printed image. 

Defecthre jets can also result from clogged jet nozzles. Currant open jet detection methods are unable to 
electronically detect ctogged jets that are still electrically correct. However, by executing a prime printing pattern 

10 usmg a printhead cartridge under test, and -observing the pryited .results, g qser may identify clogged jets and 
manually input the address or reference designation of each clogged jet into a list of def ectwe or nonf uncticnal jets. 
The list of defective or nonfunctional jets, otherwise referred to herein as the "open jet list/ is a record of all 
nonfunctional jets in the respective printhead cartfidge. By updating the open jet list, a user of the ink jet printer 
may be notified as to when a printhead cartridge has an unacceptable number of nonfunctional jets. Additionally. 

15 prior art methods utiGzed this open jet list to compensate for the nonfunctional ink jets with one or more auxiliary 
jets in the printhead cartridge. 

A common way of measuring current in a circuit is to measure the voltage across a resistor in series with 
the circuit. Prior art methods of detecting nonfunctional jets have utilized this concept to measure current through 
printhead circuitry as one or more jets in a printhead cartridge are fired. For example, assume that each of four 

20 cartridges has four sets of 14 jets. Firing all the jets requires a sequence of 14 separate Firings for the 14 jats in 
each set. During testing, only one jet ui each set of jets Is turned on at any instant in time. There is a resistor 
in series with each set of jets for each cartridge for a total of IB series resistors. The voltage drop across a series 
resistor is due to s single jet firing. However, if no jet in that set is firing, the voltage drop will be zero. The 
voltage drop across each of the series resistors is typically connected through a diode to a common point and 

25 compared to a refersnce voltage. The output from the comparison is an indication of whether a jet is properly 
functioning. By fhing each jet one at a time, it can be determined whether each one has electrical continuity. 

The above-described method becomes less desirable as the number of jets and. hence, the number of sets 
of jets, increases, necessitating an increase in the number of series resistors. These series resistors waste energy, 
generate heat, waste board space and cost money. The prior art method also has limited functionality in that it only 

30 indicates that the currant through a jet was greater than or less than some predetermined threshold. This type of 
indication does not distmguish between the different types of problems which may cause an ink jet to misfire, or 
not fire at all. For example, the prior art method cannot distinguish between a shorted power line, a shorted address 
line, or a damaged drop ejection resistor in an ink jet printhead. 



35 
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Summary of the Inventipq 

The invention provides a tnuiti-pass printing compensation scheme which detects nonfunctional inlc jets in 
a jet group and utilizes any remaining jets of the jet group to compensate for the one or more faDed jets in that jet 
group, without the utilization of otherwise idte auxiliary jets. The method and system of the Invention accomplishes 
5 this task by assigning new replacement jet masks to the remaining jets of the jet group s.uch that ail areas, or dots, 
on a respective raster iine are accounted for. Furthermore, these replacement jet masks avoid forrainQ" horizontally 
and vertically adjacent dots during a single pass of the printhead over the recording medium. 

In one embodiment of the invention, a system for compensating for defecthre ink jets in an ink jet printer 
includes: a printiiead having a phirallty of print zones and a plurality of Ink jets in each print zone, each ink jet being 

10 assigned to print respectwe dots on a respectivB raster line of a recordmg medium, wherein the plurality of ink jets 
are divided into a pluraBty of jet groups, each jet group having at least one ink jet m each print zone; a plurality of 
jet group masks corresponding to a respectwe one of said phiraRty of jets groups, wherein each jet group mask 
aUocates the printing of dots on a respective raster fine to each of the ink jets of a respective jet group; and a 
replacement jet group mask which replaces the jet group mask for a jet group having one or more nonfunctional ink 

15 jets, wherein the replacement jet group mask aDocates the printing of dots to the remaining functional ink jets of 
the jet group having one or more nonfunctional ink jets. As a result, the remaining functional ink jets so as to of 
the jet group compensate for the one or more nonfunctional ink jets. This in that jet group. In a preferred 
embodiment, the above-described system of the invention does not utilize auxifiary jets which are idle during times 
of normal operation. Therefore, the resources of the printhead are maximized. 

another embodiment an ink-jet printer includes: a printhead having a plurality of ink jets, each ink jet 
being assigned to print respecthre dots on a respective raster line of a recording medium in accordance with a print 
mask, wherein when an ink jet is detected as being defective, at least a portion of said print mask is replaced witii 
a replacement print mask such that one or more of the remaining ink jets of the plurality of ink jets compensates 
for the defective ink jet. In a preferred embodiment, the ahove-described ink jet printer does not utilize auxifiary jets 

25 which are idle-during times of nonnal operation. Therefore^ the resources of the printhead are maximized. 

a further embodiment in tiie printer described above, when an Ink jet in a jet group is detected as being 
non-functional during a printing process, the replacement jet masks assigned to the remaining functional ink jets in 
that jet group successively replace the original jet masks of each respective ink jet in that jet group one print zone 
at a time, per pass of the printhead over the recording medium, so as to provide a gradual transition from the original 

30 jet group mask to the replacement jet group mask. 

As descr&ed above, if one or more defective jets are detected during the printing process, the method and 
system of the invention successh^ely updates the portions of tlie print mask corre^onding to only one print zone at. 
a time. For exaniple, if a defective jet is detected during printing, then prior ta the next pass of the.printhead over 
the recording medhim. the jet masks corresponding to print zone 1 are updated and the printhead is tiien aDowed 

35 to make another pass over the recording medium. Prior to the next pass, the jet masks corresponding to print zone 
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2 are updated, and so on. In this way, if a defective or nonfunctional jet is detected during the middle of a printing 
job, a smooth transition from the orlQinal jet group mask to the replacement jet group masked is achieved. 

in another embodiment, in the printer described above, the plurality of replacement Jet masks are 
sequentiaHy numbered and assigned to respective remaining ftinctional iiik jfits of the first jet group based upon ttie 
5 print zone numbers of the remaining functional ink jets such that ascending replacement jet mask numbers correlate 
with ascending print zone numbers; and when said first jet group is adjacent to said second jet group; the jiluranty 
of replacement jet masks are assigned to respective remaining functional ink jets of the second jet group based on 
a rotation scheme such that the order of assignment of the plurality of replacement jet masks to respeciive 
functional ink jets in the second jet group b rotated when compared to the order of assignment of the plurality of 

10 replacement jet masks to respective functional ink jets in the first jet group so as to avoid the assignment of 
identical replacement jet masks to adjacent ink jets In one print zone. 

The invention further allows the multi-pass printing method to reduce or eliminate coalescence of printed 
dots by following a compensation scheme which avoids the printing of vertically and horizontally adjacent dots during 
a single pass of the printhead over the recording medium. If adjacent jets are non-functionaf, then the order of 

15 assignment of the replacement masks to the remaining functional jets of a second jet group is rotated such that 
adjacent functional jets do not have identical replacement masks. In this way, vertical adjacencies are minimized. 

In yet another embodimem, a method of compensating for nonfunctional ink jets in an ink jet printer which 
includes a printhead having a plurality of ink jets, each ink jet being assigned to print respective dots on a respective 
raster line of a recording medium in accordance with a print mask, includes: when one or more ink jets are 

20 determined to be nonfunctional, replacing at least a portion of the print mask with a replacement print mask such 
that one or more of the remaming ink jets of the plurafity of ink jets compensates for the nonfunctional ink jet. in 
a preferred embodiment, the above-described method does not utnize auxiliary jets, which are idle during times of 
norma) operation, to compensate for the one or more nonfunctional ink jets. Therefore, the resources of the 
printhead are maximized. 

The invention further provides significant advantages over the prior art by providing a method and system 
for detecting nonfunctional elements in a ink jet printhead that rices not require series resistive elements to measure 
current in the printhead. In the method and system of the hivention, the current required to fire an ink jet is not 
measured by measuring the voltage drop across a series resistor, but rather, by measuring the discharge rate of an 
output capacitor connected to an output of a switching power supply as one or more elements of the printhead are 
activated. By measuring the discharge rate of the output capacitor after an ink jet has been fired, or after a power 
fine to the ink jat has been turned on, or after an address line to the Ink jet has been turned on, for example, and 
comparing this test discharge rate with a reference discharge rate, the invention pro^des a very effective-end 
accurate solutiop to the problem of determining whether there is a defective ink jet, a defective power .line, or a 
defective address line, for example. Once such a determination is made, information regarding a defectwe element 
of the printhead may be stored in memory. For example, if a ink jet is determined to be defective, its address may 
be mcluded in the open jet list described above which is stored in a memory of the ink jet printer. 



25 
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As used herein, the terni •elanieirt- may refer to any component such as an ink jet. a power line, or an 
address fine within a printhead cartrtdDe, or any other component within an ink jet printhead cartridge. Additionally, 
when an element Is said to be -acthrated/ this term may refer to the turning on of a power line or address One, 
or (he firing of an ink jet, or the turning on of any of the various other componeiitsffl the ink jet printhead cartridge. 
As used herein, the terms "element" and "activate', and any combination or conjugations thereof, should be ghren 
th«r ordinary broad meaning and scope. Additionally, unless otherwbe indicated, the farms -printhead" -and 
"printhead cartridge" are used synonymously and interchangeably. 

The improved detection method and system of the invention measures the time it takes for power supply 
capacitors supplying power to one or more ink jet canridges to discharge a smdl amount of current The average 
current suppfied by the capacitors dwing that time Is ghren by tha following equation: - 



dV 



average ^ ^ (1) 

where C is the capacitance of the power supply capacitors, dV is the change in voltage across the capacitors, and 
dT is ths time measured for the voltage change to occur. A swHching power supply which suppBas power to the 
Inkjet cartridges is enhanced to provide this measurement capabOity by the addition of two functions. In a preferred 
embodiment a first function increases the quiescent output voltage level by an emount equal to dV end thereafter, 
decreases the quiescent voltage level to its original value, thereby ceusing the power supply to interrupt its switching 
operation unti the output capacitor (C,) 106 discharges to Its original quiescent tevals. In other words, the switching 
power supply wHl temporeOy cease providing an output pulse waveform untD the output capacitor {C,» 106 discharges 
to the original levels. A second function detects when the switchmg power supply resumes switching after the 
voltage across the capacitors has decreased to . its original level In this way, the time required for the output 
capacitor to discharge an amount of current which changes the voltage across the capacitor by an amount equal 
to dV can be measured. . . _. . . _ _ _ . _ _ 

m order to detect clogged ink jets, the detection method and system of the mvention can also utilize the 
printing of a prime pattern. Theraaftar. an operator can visually axamhe the prime pattern and determine which ink 
jets, rf any, are nonfunctional. The operator can then manually input the reference designation or address of each 
nonfunctional ink jet into the open jet fist, for example. As described above, this open jet Bst may be used to update 
print masks stored withta a memory of the ink jet printer, or notify the operator when a particular printhead cartridge 
has an unacceptable number of nonfunctional ink jets. 

In one embodhnent of the invention, an ink jet printer system for detecting a nonfunctional element in an 
mk jet printhead, mcludes: a switching power supply, coupled to the Inkjet printhead. for supplying power to the 
printhead; an output capacitor, coupled to an output of the swhchmg power supply, for storing a dc vottage therein- 
a bleed resistor, coupled in paraHal to the output capacitor, for discharging current from the output capacitor an 
output shifting circuit, coupled to the switching power supply, for shifting the dc voltage level across the output 
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capacitor between a low state and a high state; and a sensor, coupled to the output of the switching power supply, 
for detecting when the swrtching power supply is switching, wherein an element of the printhead is tested by 
measuring a test current discharging from the output capacitor when the element is activated and comparing the 
measured test current with a reference current which discharges froifi the output capacitor through the bleed resistor 
when no elament of the printhead is activated. 

In another embodiment, an inic jet printer sysf em for detecting a nonfunctionar elements in an inlc jet 
printhead, includes: means for supplying regulated power to the printhead; capacitor means, coupled to the means 
for supplying regulated power, for storing a de voltage therein; means for discharging current from the capacitor 
means; means for shifting the dc voltage level stored in the capacitor means from a low state to a high state; means 
for measurino a test current discharging from the capacitor means when an element of the printhead is activated; 
and means for comparing the measured test current with a reference current which discharges from the capacitor 
means through only the means for discharging. 

In a further embodiment, a method of detecting a nonfunctional element In an ink jet printhead Includes the 
acts of: suppiymg regulated power to the printhead; storing the regulated power in a capacitor so as to provide a 
dc voltage across the capacitor; shifting the dc voltage levef stored in the capadtorfrom a lew state to a high state; 
measuring a test current discharging from the capacitor when an element of the printhead is acthrated; measuring 
a reference current discharging from the capacitor through a bleed resistor, when no elements of the printhead are 
activated; and comparing the measured test current with the reference current. 

Brief DcscripHnn of the Drawings 
Figure 1 is a block diagram of the components of an ink jet printer system. 

Figure 2 Illustrates a portion of a print mask for a 104 jet printhead having six prbit zones corresponding 
to a s'nc-pass multipass printing configuration. 

Figure 3 illustrates six jet masks corresponding to jet group # 2 of the print mask of Figure 2, each jet 
mask corresponding to a respective jet and a respective print zone. 

Figure 4 Sustrates the dots on the raster line which are printed in each print zone In accordance with the 
six jet masks of jet group # 2 of Figure 3, as the raster line on the recording medhim is successively advanced 
through each print zone. 

Figure 5 iOustrates the printing configuration of successive swaths of a recording medium as the recording 
medhjm successively passes through the six print zones of the printhead of Figure 2 when using the print mask of 
Figure 2. 

Figure 6 fliustrates a first replacement jet group mask for a jet group which has one defective jet, in 
Bccordance with one embodiment of the Invention. 

Figure 7 illustrates a second replacement jet group mask for a first jet group which has two defectwe jets, 
in accordance with one embodiment of the invention. 
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Figure 8 illintrBies a third replacBinent jet group mask far a jet group which has threa defective jets, In 
accordance with one embodiment of the invenlbn. 

figure 9 iihjstrates e fourth replacement jet group mask for a jet group which has four defective jets, in 
accordance with one embodiment of the inventmn. " • '■ ' • 

figure 10 illustrates the correlation hefween each of the six print zones and each replacement jet mask of 
the iRrst replacement jet group mask of Fq^ure 5. 

Figure 11 illustrates a portion of a print mask when jet 12 in jet group 12 is determined to be non- 
functional and jet group mask 12 has been replaced by the first replacement jet group mask of Figure B. 

Figure 12 illustrates the printing configuretion of suceesshe sweths of a recording mednim as the recording 
medium successively peases through the sbi print zones of the printheed ef Figure 2 when using the print mask of 
Figure 11. 

Figure 13 niustrates identical replacement jet masks assigned to adjacent jets within each print zone. 

Figure 14 iOustrates the first replacement jet group mask of Figure 6, heving its individual jet masks rotated 
m B round rebin feshion to be utilized on a second jet grou^ adjacent to the first jet group. 

figure 15 illustrates the first replacement jet group mask af Figure 6 essigned to a first jet group and the 
rotated version of the first replacement jet group mask as shown in figure 14, assigned to a second jet group, 
adjacent the first jet group, in accordance with one embodiment of the Invention. 

Figure 16 illustrates a schematic diagram of a circuit, coupled to an ink jet printer cartridge, which is used 
to detemune if one or more ink jets in the cartridge is nonfunctional, in accordance with one embodiment of the 
invention. 

F«ure 17 illustrates an ink jet matrix which exempDfies the relationship between each ink jet in an ink jet 
cartridge end their corresponding power Goes and address fines. 

Figure 18 is a response curve which Olustrates c decreese in voltage level across an output capacitor as 
the capacitor discharges. 



Detailed Description nf thi. Prp fafreJ Emhnriimpnt 
The invention is described in detail below with reference to the figures. 

Referring to Figure 1, various components of a typical ink jet printer 54 are fliustrated. Tliese various 
components include the control electronics inside the ink jet prmter 54 which are used to control ink droplet ejection 
from the ink jets of a prhrthead cartridge 44 of a printhead carriage AZ A host computer 50 communicates with 
a processor 52 integral with the ink jet printer 54. The host computer 50 runs driver software which issues print 
commands and seruls data to the ink jet printer. As in conventional ink jet prmters. the processor 52 communicates 
with a display and keypad 56. memonr 58. and drhre circuits 60 which control the print carriage motor 62 and paper 
motor 63 as well as powering a fan 66. In addition, the processor 52 routes signals to print logic 70. which 
actuates the ink jals of each printhead cartridge 44 located whhin the printlfead 42. The ink jet printer 54 further ' 
includes a switching power supply 80, coupled to the printhead cartridge 44 of the printhead carriage 42, which 
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provides power to fire each individual ink jet of the cartridge 44. The system comprising the switching power supply 
80 and the printhead cartridge 44, coupled to the output of the povtfer supply 80, is described in further detail below 
with reference to Figure IB. 

The processor S2. in accordance with internal firmware 'stored in a portion of the memory 5B; sSleclively * 
5 ejects ink droplets from the ink jets of each cartridge 44. The programming of the processor thus determines which 
ink jet of the printhead cartridge 44 is assigned to be used to eject an ink droplet onto any given grid location of 
the printed image when the relevant swath being printed calls for a droplet at that given grid location. In multi-pass 
printing, for example, the set of nozzle to grid location assignments is commonly referred to as a print mask, and 
the print mask definition is stored In memory SB In the mk jet printer 54. The function and operation of a print 
10 mask is described in further detail below with reference to Figures 2-14§ .. . 

Referring to Figure 2, one example of a print mask 100 having six print zones 102a-f, and 17 individual 
jet masks 104 within each print zone 102a*f (for a total of 102 individual jet masks 104). is illustrated. A separate 
print mask 1D0 is defined for each print-mode (number of passes! supported by the device and is used, unchanged, 
throughout the processing and printing of an image. The print mask 100 is made up of the individual jet masks 104 
15 that determine the dots fired by each jet of a printhead. These individual jet masks 104 are configured such that 
adjacent jets on the printhead do not print horizontally or vertically adjacent dots during a single pass of the 
printhead across the recording medium. As described above, by avoiding horizontal and vertical adjacencies, printing 
anomalies and distortions caused by the coalescence of adjacent dots are substantially reduced. 

As shown in Figure 2, the indwidual jet masks 104 are arranged into zones 102a-f that correspond to the 
number of passes for which that print mask was designed. A set of jets having one Jet from each zone makes up 
a complementary jet group. Jet masks for each jet in a jet group make up a jet group mask. For example, jet mask 
no/s 2, 19, 3B, 53, 70 and 87 make up jet group mask no. 2. Figure 4 illustrates one embodiment of jet group 
mask no. 2 which includes the six jet masks 2, 19, 36, 53, 70 and 87. These six jet masks 2, 19, 36, 53, 70 and 
87 correspond to the six print zones 1, 2, 3, 4, 5 and 6, respectively. 

O"™0 printing, each print zone 102a'f prints a swath of the recording medium. Referring again to Figure 
2, a swath may be defined as the set of seventeen vertically adjacent raster lines on the recording medium within 
each respective print zone. However, it Is understood that the Invention is not limited by any specific number of 
raster lines in a swath or jet masks in a given print zone. Different embodiments are envisioned which contain 
different numbers of raster lines per swath and/or jet masks per print zone. 

Referring to Rgure 4, each jet mask 2, 19, 36, 53, 70 and 87 of the jet group mask of Figure 3 is 
IBustrated witfiin its corresponding print zone 1-6. Each raster line in a swath is printed by a single jet group with 
the work b«ng shared between the members of that jet group. For example, during a first pass of the printhead 
over the recording medium, a swath of the recording medmm is in print zone #1 and the second jet of the printhead 
belonging to jet group 2, prints dots on a corresponding second raster line 302 of the swath in accordance with jet 
35 mask 2 of Figure 3. Figure 4 further illustrates the allocation of dots on a single raster line 302 in accordance with 
jet masks Z 19, 36, 53, 70 and 87 of jet group mask Z as the single raster line 302 advances through each print 
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2on8 I.B. As shown in FiflurB 4. Jet mask 2 indicate which dots on the second raster One that jet 2 is responsible 
for printing. If the image requires inic to be printed on a dot for which the second jet is n»ponsible for. this dot 
is printed during the first pass of the printhead over the swath when it te m prfan zone 1. 

After printing the swath in print zone 1, the "TecordinB media is advam^if by an aroount equal to the size 
of one zone such that the. swath is now in print zone 2. When the swath is in print zone 2, the second raster line 
302 is aRsned with a jet of the printhead which h a member of jet-Broup 2. In print zone 2, the second raster line 
30Z which has been partially printed upon by the second jet when it was m print zone 1. is now printed upon, as 
necessary, by the nineteenth jet of the printhead during a second pass of the printhead over the racordinp medium. 
As discussed above, the nineteenth jet and its corresponding jet mask 19 is the next member of jet group 2 which 
is responsible for printing the second raster Hne 3D2 bi the swath. Jet mask IS aHocates which dots are printdd 
by the nineteenth jet. 

After printing the swath in print zone 2, the recording media is once again advanced by an amount equal 
to the size of one zone such that the swath is now in print zone 3. In print zone 3, the second raster One 302 is 
aligned whh a 36tb jet of the printhead and is printed upon, as necessary, by the 36th jet in accordance with jet 
mask 36, during a third pass of the printhead over the recording medium. 

The ahove-described process is repeated untH the swath has been printed upon m each print zone. As. 
shown in Rgure 3, after the swath has completed the six-pas, printing process and advanced through each of the 
six print zones, ell the dots of the raster line 302 are accounted for. As used herein, the term "dot" refers to any 
area of any shape or size on a recording medhim, which may be covered by ink by a jet 

Figure 5 ilhistrates adjacent swaths of a recording medhim which have undergone various stages of a six- 
pass {hence, six zone} printing process. Tbe conf«uration of dots on the recording med'hmi represents all the dots 
which may be printed in a ghren zone plus all previous zones. In the example shown, the image to be printed on 
the recording medium is a solid image, otherwise known as a 'color fill,- covering the entire printable surface area. 
As shown in Rgure 5, each dot is within a square box which represents the area on the recording medium which 
« hrtended to be covered by the dot of mk. However, it is understood that these square boxes are illustrated merely 
for purposes of distinguishing the different areas or "dots' on the recording medium and are not visible on the actual 
recording medium. It is further understood, that the dots' printed on the recording medium may have overlapping 
areas such that there are no spaces between adjacent dots if a soDd image, or full 'cotor-fir is desired. 

Open jet compensation is a modificatian to the multi-pass printing method described above, which allows 
for the use of information regarding defective or nonfunctional jets to dynamicaOy modify the print masks of a 
printhead to compensate for the non-functional jets. This type of compensation scheme typically results in minimal 
. degradation in print quaHty and no degradatbn in printing speed when there are relathrely few defective jets in each 
Jet group. Although the foDowing discussion focuses on a printhead configurBd for sh-pass mode printing In six print 
zones, and having seventeen jet groups, each jet group having one jet in each print zojie, it. is understood that the 
nvention may be implemented in printers havmg printheads with different numbers of print zones, jet groups and jets 
in each I'et group. 
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If a jet group contains defective jets, the jet masks for the entire group are replaced with a replacement 
jet eroup mask that is appropriate for the number of functional jets remaining in that group. In one embodiment, 
the maximum number of jrts in a jet group is 6. Therefore, replacement jet group masks have been defined for 2, 
3, 4 and 5 jats remaining. Theso replacement jet group masks take the responslhiBty of firing ddti aWay from the 
defective jets and ass^ns the responsibiHty for printing the entire raster line to the remainmg functional jets within 
that jet group. • . 

OefectivB jets can result from open traces, damaged drop ejection resistors, changed resistance values, or 
poor contact between the cartridge and the 'flex circuit" which -provides control signals to the cartridge. As 
discussed above, defective jets can also result from clogged jet noales. Ail of these errors will cause a jet or jets 
not to fire, resulting in anomalies in the prmted image. The invention may utilize any.WBM-known method or system 
of detecting defectwe jets in ink-jet printers. After one or more jets have been determmed to be non-functional a 
list of the defective jets may be generated, either automatically or via manual input by an operator of the ink jet 
printer, and stored within a memory of the ink-jet printer. This list of defective jets may then be accessed as 
necessary to update the print masks of the respective printhead cartridge. In one embodiment, the above-described 
15 improved method and system for detecting nonfunctional elements in a printhead Is utHizsd to detect nonfanctional 
ink jets and compensate for the nonfunctional ink jets with one or more remaining functional ink jets. This novel 
detection method and system is described in greater detail below with reference to Figures 16-18. 

Referring to Figure 6, assuming that one jet in a jet group has been determined to be non-functional, a first 
replacement jet group mask 500 replaces the original jet group mask of that jet group in order to allocate printing 
20 of the entire raster line to the five remaining, functional jets of the jet group. The first replacement jet group mask 
500 includes individual replacement jet masks 501-505. When ana of six jets In a Jet group falls, that jet Is shut 
off, or completely masked, and the origmal jet masks for the remaining five functional jets of that jet group are 
replaced by the replacement jet masks .50 1-505. 

For example, if a first jet corresponding to the first print zone has been determined to be non-functional, 
25 the first jet in the first print zone is simply turned off, or completely masked, such that it emits no ink, and 
replacement jet masks 501-505 are assigned to the remaining jets of that jet group. In one embodiment, the 
replacement jet masks 501-505 are assigned to the remaining jets such that replacement jet masks 501-505 are 
assigned to the remaining functional jets for that jet group by order of ascending print zone numbers for each 
remaining functional jet. If the jet corresponding to print zone 1 has failed, then the first functional jet, by order 
30 of ascending print zones, is the jet m print zone 2 for that respective jet group. Therefore, replacement mask 501 
is assigned to that jet In print zone 2. Simflariy, the replacement mask 502 is assigned to the jet in print zone 3 
. for that respecthre jet group, and replacement mask 503 is assigned to the jet in print zone 4. and so on. 

However, if the non-functional jet was determmed to be in print zone 3, for example, the first functional 
jet would be that corresponding to prmt rone 1. Therefore, replacement mask 501 would be assigned to the 
respective jet for that jet group in print zone T, replacement mask 502 would be assigned to the respective jet in 
print zone 2, and replacement mask 503 would be assigned to the respective jet in print zone 4, and so on. 
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As shown in Figure 6, by replacing the original jet group mask with the first replacement jet group maslc 
500, when a Jet of a jet group is determined to be non-functional, the reqionsibility of'compensatine for the non- 
functional jet is allocated among the remaining functtonal jets, h thb way, a complete raster line 506, having no 
dote unaccounted for, may still be produced by that jet group, '•• 

Referring to Rgure 7. a second replacement jet group mask BOO for a jet group having two non-functiona! 
jets is OhistratBd. "nie second set cf replacement masks 600 includes replacement masks B01-B04 each 
corresponding to one of the four remaining jeu for that jet group. Similar to the allocation scheme described above 
with reference to Rgure B. the reptacement maslu 601-604 are anocated to the remaining functional jets by order 
of ascending print zone numbers. For example. If a jet group has non-functional jets in print zones 1 and 4, the first 
functional jet would be that in print zone 2. Therefore,.replacement mask B01 would be assigned to that jet in print 
zone 2, replacement mask 602 would be assigned to the corresponding jet in print zone 3, replacement mask 603 
would be assigned to the corresponding jet in print zone 5-and replacement niask 604 would be assigned to the 
correspondbig jet in print zone 6. As shown in Figure 7, the repkicement mesks BOVBOA allow the four remaining 
functional jete of a jet group having two non-functional jets to print a complete raster Fine 605. having no dot.s 
unaccounted for. 

Figure 8 iOustrates a third replacement jet group mask 700 for a jet group having three non-functionai jets. 
The third set of replacement masks 70D includes replacement masks 701-703, which are aHocated to the three 
remaining functional jets of a jet group determined to have three non-functional jets. In one embodiment, the 
replacement masks 701-703' are assigned to the remairnng jets by order of ascending print zone numbers, as 
dbcussed above with reference to Figures 6 and 7. As shown in Rgure 8. the replacement masks 701-703 allow 
the remaining jets of a jet group, having three non-functional jets, to print a complete raster Ihe 704, with no dots 
unaccounted for. 

Figure 9 Blustretes a fourth set of replacement masks 800 for a jet group having four non-functional jets. 
The fourth set of replacement masks 800 includes replacement masks 801 and 802, which are allocated to the two 
remaining functional. jets of a jet group- determined to have four nen-fonctional jets. In one embodiment, the 
repbcement masks 801 and 802 ate assigned to the remainmg jets by order of ascending print zone numbers, as 
dbcussed above with reference to Rgures 6, 7 end 8. As shown in Rgure 9,' the replacement masks 801 and 802 
aOow the remaining jets of a jet group, having four non-functional jets, to print a complete raster line 803, with no 
dots unaccounted for. 

In order minimize coalescence and to maintain fuD speed printing, horizontally adjacent dots are avoided in 
the design of afl the replacement jet mesks. For this reason, at least two jets in each jet group should remain 
functional for the above-described replacement scheme to avoid the simultaneous printing.of horizontally adjacent 
dots. As described above, the simultaneous printing of adjacent dots ofteo results in coalescence and a degradation 
in printing quaFitV. -^erefore, in one embodiment, if there are less than two functioning jets in any jet group, the 
operator is mstructed to use a print mode wifh-more passes or to replace the print cartridge. 
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Figure 10 illustrates the replBCBment masks 501-505 of the first replacement jet group mask 500 assigned 
to the remaining jets of a jet group having one non-functiona! jet, each remaining jet being in a respective print zone. 
As shown in Rgure 9, the defective, or non-functional jet is located in print zone 1. Therefore, the jet in print zone 
1 is completely masked, or turned off, such that no dots are fired onto- a respective raster. line of a recording medium" 
In print zone 1. As the recording medium (e.g., a sheet of paper) advances under the printheari in the direction of 
arrows 902, the raster line advances to the next print zone and the next jet in the respective jet group may print 
dots on the raster fine In accordance with the replacement jet mask 501. As the recording medium continues to 
advance in the direction of the arrows 902. the raster Kne successhrely passes through each of the print zones and 
the successhre Jets of the respective jet group print dots on the raster line in accordance with their respectwe 
replacament masks 501-505. After the raster One has passed through each of the respective print zones,* each dot, 
or designated printing area, on the raster line is accounted for, as shown by the completed raster line 5DB. 

Figure 11 shows a portion of a print mask having the first replacement jet group mask 500 of Figure B 
assigned to jet group 12 because jet 12 of jet group 12 has been determined to be non-functional. Note that jet 
12, in print zone 1, of jet group 12, is completeiy masked and, therefore; not responsible for printing any dots on 
its respective raster Mb. The remaining jets 29, 46, B3,- 80 and 97 of jet group 12 hove been asssgnsd rsplacemsnt 
masks 501, 502. 503, 504 and 505 (Fig. 6), respectively, so as to compensate for the non-functional jet 12. 

Figure 12 illustrates adjacent swaths of a recording medium which have completed one or more stages of 
a stt'zone printing process, with the first replacement jet group mask 5D0 of Figure 6 assigned to jet group 12. 
Note that raster fine 12, corresponding to the non-functional jet 12, in print zone 1, does not have any dots printed 
on It. However, as this raster line advances through each of the successive stages. It will be completely "filled in" 
with dots. As shown In Rgure 12, after raster line 12 has completed printing in print zone B, all of the dots of the 
raster line are filled in. 

In Figure 12, the configuration of riots on the recording medium represents all the dots which may be 
printed in a given print zone plus a» previous print zones. In other words, in the example shown, the image to he 
printed on the recording medium is a sofid block of ink covering the entire printable surface area, otherwise referred 
to as a color fflL As shown In Rgure 12, each dot Is within a square box which represents the area on the 
recording medium which is intended to be covered by the dot of ink. However, these square boxes are illustrated 
merely for the purpose of distinguishing the different areas on the recording medium and are not necessarily visible 
on the actual recording medium. Furthermore, the dots printed on the recording medium may have overlapping, areas 
such that there are no spaces between adjacent dots if a solid image is desired. 

For a ghfen number of non-functional jets in a jet group, the same set of replacement masks, corresponding 
to that number of non-functional jets. Is used regardless of which jet in the jet group is identified as defectivB. As 
shown in Rgure 1 1, when replacement masks are appfied to the overafl default print mask for the entire printhead, 
some vertical adjacencies win occur. The occurrence of these vertical adjacencies is infrequent and results in minimal 
quality degradation. 
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However, if jets, in adjacent jet groups, are identified as defective, identical replacement jet maslcs woald 
be used for adjacent jets m print zones whicli contain tlie remainine functional jets of each of the adjacent jet 
BTOiips. Figure 13 illustrates the use. of Identical replacement pt madcs for adjacent jet groups each having one 
defectivB jet The first set of replacement jet masks 500 of Figure 6 is used for each of the adjacenf jet groups. 
5 As shown in Figure 13, adjacent remaining functional jets for both jet groups would produce a significant number 
of verticaUy adjacent dots within each print zone. This results ina isignlficanfinerBasein-coalescencB-and.- 
consequently, signiflcant print quality degradation. . ■ 

In order to avoid using identical replacement maslcs for adjacent jets in a print zone, a rotation scheme is 
used for the plecement of the replacement masks. For example, if a jet fails in jat group 1, then the replacement 
10 jet masks 501-505 (Fig. 6) are successhrely applied to the remaining functional jets of jet group 1 in the order 501. 

502, 503, 504 and 505. Each replacement mask 501-505 is assigned to its fespacthie jet by order of ascending 
print zone number, as described ebove. If a jet also fails in jet group 2, the replacement masks 501 -505 ere rotated 
such that they are appDed to the remaining functional jets of jet group 2 in the order 502, 503, 504, 505 and then 
501. THs rotation process is repeated each time another jet in an another adjacent jet group, e.g., jet group 3, is 
determined to be non-functional. The next rotation would result fai the replacement masks being applied in the order 

503, 504, 505, 501 and tiien 50Z 
Figure 14 ilhistrates the first set of replacement masks 500 after hs replacement masks 501-505 have been 

rotated once such that the order that the replacement masks 501-505 are appHed to the remaining functional jets 
of a jet group is now 502. 503, 504. 505 and then back to 501. Note that replacement mask 502 Is now the first 
one which is appKed to the remateing functional jet n the lowest print zone, replacement mask 503 is applied to 
the functional jet in the next lowest print zone and so on. Replacement mask 501 b now the last replacement mask 
to be applied. 

By rotating the order of the replacement masks when there are non-functional jets in adjacent jet groups, 
vertical adjacencies are minimized and print quafity is maximized even when there are many defective jets in a print 
cartridge.. Referring to Figure 15, a first-jet 130 of a fust jet group is non-functional and a second jet 132 of a 
second, adjacent jet group is also non-functional. The replacement jat masks 501-505 are applied to the adjacent 
jet groups using the rotation scheme described above. In print zone 2, replacement mask 501 is'appfied to a first 
remaining functional jet of the first jet group, while replacement mask 502 is appHad to a second remaining functional 
jet, adjacent to the first remaining jet, of the second jet group. Thus, there are no vertical adjacencies between the 
dots printed by the remainmg functional jets in print zone- 1. SimBarly, in each of the other print zones 3-6 there 
are no identical replacement masks for adjacent jets, and hence, no vertical adjacencies. 

If new defective jets are detected in the middle of a. plot a Fumware algorithm, which updates one print- 
zone of the print mask.per pass of the printhead. allows for the smooth transition to open jet compensation. Prmt 
zone 1 always prints on an unprinted swath of the recording media. Print zone 2 always overprints the region 
printed by zone 1 and must use jet masks that correspond to the ones used by zone 1 in the previous pass of the ' 
Printhead, etc If a new defecthre jet is detected in the middle of printing job, only the jet masks correspondmg to 
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print zone 1 are updated for the next pass of the prhthead. After completion of that pass, the jet masks 
corresponding to print zone 2 are updated but the jet masks corresponding to the remaining zones are left unchanged. 
This process continues untH an the zones have been successively updated to the new masks in order of ascending 
print zone numbers. In this way, a corresponding raster line which has been successfuHy printed in a print zone, 
prior to the failure of the defective jet, completes its subsequoit stages in any subsequent print zones in accordance 
with tliB original jet masks for the respective jet group responsible for printing that raster line. 

The following describes an improved detection method and system for detecting nonfunctional ink jets, or 
other elements, in an ink jet printhead. which is utilized in a preferred embodiment of the invention. However, it is 
understood that the invention Is not Omited to tiie below-described detection method and system but may utilize any 
detection method end system which is now or will be known.in the art ... 

Referring to Figure 16, a schematic diagram of a circuit for open jet detection in accordance with one 
embodiment of the invention. Is illustrated. The circuit 160 includes the switching power supply 80 of Figure 1 
which outputs a pulse square wave (V J to an inductor {L,! 162, coupled to the output of the power supply 80. 
Coupled to the inductor {L,} 182 is a capacitor (C,) 164 which, together with the output inductor il,) 162 forms a 
15 low-pass filter for the output of the switching power supply 80. As shown in Rgure IS, the output {V,J of the 
switching pow/er supply 80 is a pulse square wave having a period T. The low-pass fBter, comprising the inductor 
(L|) 162 and the output capacitor (C,l 164, converts this output pulse square wave into a dc output-voltage (VJ 
which is stored in the output capacitor |C,) 164. An output "bleed" resistor {H,) 166 is coupled in parallel with the 
output capacitor (C,) 164, and provides a slow current drain which discharges the output capacitor (G,) 164 at a 
rate which is inversely proportional to the value of the resistance of the bleed resister (R,) 166. Switching power 
supplies and low-pass output filters such as those described above, and their principles of operation, are well-known 
In the art. Therefore, a detailed discussion of the function and operatkm of the switching power supply 80 and the 
low-pass output filter, comprising the inductor (L^) 162 and the capacitor (C,) 164, is not provided here. 

In order to regulate the output voltage of the switching power supply 8D and hence, the dc output 
voltage Vc present on the capacitor (Ci) 164, a feedback circuit is coupled to a feedback port (FB) on the switching 
power supply 80. The feedback circidt includes a resistor divider network coupled In paraiiel to the capacitor {C,l 
184. which divides the dc output voltage {VJ into a desired feedback voltage (V„) which Is then appUed to the 
feedback port of the switching power supply 80. The feedback network consists of a second resister {RJ 168 and 
a third resistor (R3) 170. As is well-known in the etecironics arts, the magnhude of (V„) is' related to the values 
30 of Vc Rj and by the following equation: 
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bi order to regulate the dc output voitaoe (VJ, the feedback vohage (VfJ, which is directly-proportional to 
output voltage (VJ, is compared to a reference voltage (Vajp) to determine whether the output voltage (Vc) 
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is within a desired voltage range. The reference voltage (V^ is provided by a reference capacitor (Cj) 176 v^hich 
is connected in series with > compensation resistor IRJ 178 which in turn is coupled to a reference voltage output 
source (V^J of the switching power supply 80. The switching power supply 80. the low-pass filter comprising (L,! 
162 and (C,) 164, the voltage-divider resistor network comprising jRJ 168 and |RJ 170. and the feedback regulation 
scheme briefly described above, are weD-known In the art and, therefore, need not be further described herein. The 
switching power supply 80 may be any commercially avaOabte power supply which can provide the desired regulated 
dc output voltage (VJ. In one embodiment, the desired output voltage (VJ is 1 3.5 volts at 8 amps, and the values 
of the various above-described discrete componenu are provided in the following table: 

R» R4 C, R, 

KU* 400V* 1KQ 1.B5KD IKQ . 10OKQ 2.^F 30KQ 

Coupled to the dc regulated output voltage (VJ of the switching power supply 80 is the printhead cartridge 
44 of Figure 1 having eight power Unes P,.p^ Each power line P,-P. is activated by a corresponding switch 180 
which provMes electrical connectivity between the dc output (VJ of the swHching power supply and a respective 
ink jet 192. Each of the ink jets 192 are further coupled to e respective address fine A,-A,, each of which are 
"turned on" by a respective swfteh 194 which opens and closes to provide electrical connecthrity between electrical 
ground and each of the ink jets 192. In one embodiment, each of the switches 190 and 194 correspondmg to the 
power lines and the address Ones, respectwely, are bipolar NPN transistors and N-FET transistors, respectively. 

As shown bi Figure 16, each power foe P,-P, bes essociated therewith 13 ink jets 182. Each of the 13 
ink jets 192 for each power Hne P,-P, is coupled to a respectnre address fine A,-A^ providing a total of 104 (8x13) 
ink jets 192. In order to -fire' en ink jet 192. its correspondbig power Gne and address line must be simultaneously 
tumed on so as to provide a conduction path from the dc regulated output voltage (VJ of the power supply 80 to 
electrical ground, thereby closing the circuit for the respective ink jet 192. For example. If it is desired to fire ink 
jet 192a as shmyn in Figure 16. the switch 190 corresponding to power line 1 (P,) must be closed as well es the 
swrtch 194 corresponding to address Une 3 (AJ. Only then wiO the ink jet 192a be caused to fire. As described 
above, the switches 190 corresponding to the power fines P.-P. and the switches 194 corresponding to the address 
fines A,-A„ may be bipolar NPN transistors which are acthrated by providing a specified current to their bases. 
However, other types of transistors and/or switches may be used to ectivate the respeethrs power or address lines, 
in accordance with the faivention. 

Referring to Rgure 17. an ink jet matrix 44b, corresponding to the printhead cartridge 44 of Figure 1 B, is 
,iBustreted. The ink jet matrix 44a Ohistrates the refaitionship between^iach mk jet 192 and its correspondmg.power 
and address Cnes. Eech of the power fines P^P. i, turned on and off depending on whether en ink jet 192 
corresponding to the respecth,e power fine is desired to be fired. SimOarty. each of the address fines A,-A„ is turned 
on end off depending on whether an ink jet 192 corresponding to the respective eddress fine is desired to be fired 
Figure 17 further illustrates that, m order to fire ink jet 182a, for example, the switch 190 corresponding to power 
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line P, and the switch 194 corresponding to the address line A, must both be closed so as to provide a closed 
electrical circuit from the dc output of the power supply to electrical ground for that particular ink jet. 

Figure 17 is not an electrical circuit schematic diagram, but rather, an illustration of the correspondence 
between a power fine and an address Hne for each respective ink jet 192. Furthermore, the ink jets* 192 are nbt 
necessarily arranged on a printhead cartridge 44 (Figure 1) in a matrix configuration as shown in Figure 17. Nor 
are the ink jets 192 directly connected to adjacent ink jets 192 as suggested by Figure 17. Rather, in a prefarred 
embodiment, each Ink |et 192 is independently coupled to Its respective power and address line such that the firing 
of one ink jet does not affect the firing of an adjacent ink Jet As shown In Figure 17, each of the power lines Pi-Pj 
Is coupled to the dc output of the switching power supply 80 of Figure 16. Correspondingly, each of. the address 
lines A^-A„ is coupled to ground. In one embodiment, each printhead cartridge 44 includes its own separate and 
independent power lines P^-Pg. However, the address lines A^-A^ are common to all the printhead cartridges 44 
within a printhead carriage 42 (Figure 1). Therefore, aS:.shown in Figure 17, each of the address lines A,-Ai3 
continue on toward the next printhead cartridge 44 within the carriage 42. 

Referring once again to Figure 16, the open jet compensation circuit 160 further includes a puNown 
15 resistor {RJ 172 and a pull-down switch 174, coupled in series with the puH-down resistor 172. In «ne embodiment, 
the pull down switch 174 is a bipolar NPN transistor. As shown in Figure 16, the pull-down resistor (RJ 172 and 
the pull-down switch 174 are coupled to the voltage-divider resistor network such that they are connected In parallel 
with the third resistor {R3) 170. 

The regulated dc output voltage (Vg) may be incremented by a desired amount by closing the switch 174, 
20 and thereby pulling down the magnitude of the feedback voltage {V„) which is applied to the feedback port (FB) of 
the switching power supply 80. By turning on the transistor 174, an electrical conduction path is provided between 
the pull-down resistor (R4) 172 and the circuit ground, thereby effectwety adding the puIWown resistor (R4) 172 
in parallel with the third resistor (R3) 170 of the voltage-divider resistor network. By adding the puII-down resistor 
(RJ 172 in parallel with the third resistor (R,) 17D, the effective feedback resistance (RfJ is decreased. The value 
25 of the effective feedback resistance [f{„) is governed by the following equation: 

= = =- (3) 

RpB (R^ X R^ 



Because the feedback voltage (VfJ is directly proportional to the effective feedback resistance {Hn\ a 
. decrease in (RfJ leads to a proportional decrease in (VfJ.. When the feedback voltage (VfJ is decreased by tummg 
on the pull-down transistor 174, thereby decreasing the feedback resistance H^, the switching power supply BO 
30 compensates for this decrease in feedback voltage by increasing the regulated dc output voltage {VJ. The switching ' 
power supply does this by increasing its "switching duty cycle," i.e., providing a longer pulse waveform to the low- 
pass filter compriang the output inductor (LI) 162 and the output capacitor (CJ 164, The pulse square wave begins 
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charoing the output capacitor (C,) 164. thsraby raising the vottafle level (VJ across the capacitor (C.) 164. The 
switching power supply 80 continues to provide the pulse waveform output signal to the. law-pass filter untD the 
regulated output voltage (VJ is stabilized at a new higher voltage leveL The output voltage (VJ increases until the 
directly proportional feedback voltage reaches its previous voKage levels.prior to the puilnlown tiiinsistor 174 
being turned on. At this point, the regulated output voltage (VJ becomes stabilized at its new higher valiie and the 
switchnig power supply 80 temporarily ceases switching. 

After the ragulated dc output voltage (VJ has been elevated to its new voltage level it may then be 
decreased to As original voltage level by turning off thii transistor 174. By turning off the transistor 174 the 
effectwe feedback resistance once again resumes hs original higher value which b equal to the resistance of third 
resistor (RJ 170. This in turn increases ths feedback voltage level (VfJ which aidicates to tiie switcKbig power 
supply 80 that the output voltage level (V*) is too high. At this point, the power supply BO is not providing s pulse 
wavaform to the taw-pass filter, and therefore, the vokage across the output capacHor {C,l 164 is decreasing as 
current discharges from the capacitor (C,) 164. When no mk jets 192 are heino fired, or no power Unes P,-P, or 
address Ones A,.A„ are turned on. the output capacitor (C,) 164 slowly discharges through the effecthfe output, 
resistance, comprising the series resistors R, IBB and R, 170 of tha voltage divider netvilork, coupled in paraHei with 
the bleed resistor (R,) 1B6, at a rate which is proportional to the capacitance value of the output capacitor <C,) 164 
and inversely proportional to the effecthre output resistance. 

Referrmg to Rgure 18. a voltage response curve illus&ating the discharge of the output capacitor (C,l 164 
(Figure IB), is shown. The vertical axis of the voltage response curve indicates the magnitude of the regulated dc 
output voltage (VJ and the horizontal axis of the response curve indicates time. At a tbne t, tiie regulated output 
voltage is in a stabilized, elevated state, indicated by V„. and the pull-down transistor 174 (Figure 16) is turned on. 
At time t„ the transistor 174 is turned off, thereby ncreasinB the effecthre feedback resistance R„ to its original 
value of R, 170. This proportionally increases the feedback voltage level V„ which in turn indicates to the switching 
power supply 80 that the regulated output voltage V, is too high. At this point, the switching power, supply BO is 
not providing a pulse square wave output signel to the faiductor (1^) 104 and capacitor (C,) 164 (Figure 16) and the 
switching powrer supply is effecthrely turned off. 

From t, to t,. the output capachor (C,) 164 discharges at a rate which is inversely proportional to tiie 
resistance at the output of the switching power supply 80. The voltage decay resulting from tiie discharge of tiie 
output capacitor (C,) 164 when no ink jets are being firei and no power or address lines are turned on, is indicated 
by the response curve 400. As discussed above, when no ink jets 192 are being fired, and no address or power 
rmes are turned on, the effective output resistance of the swhchmg power supply 80 is equal to (R,) 16B, coupted 
in parallel with the sum of the series reslstois (RJ 168 and (RJ .173. However, for purposes of the foBowIng 
discussion, we wfll treat the eflective output resistance as being essentieOy equal to the bleed resistor 166. This 
approjcimation does not change the analysis provided below. The time required for the output capacitor fC,) 164 to 
discharge throuflh the bleed resistor (R,) 166; «,ch that the regulated output voltage (VJ decreases froni (Vnl to 
(V^, is ilhistrated as r - t, - 1,. r is referred to herem as the reference discharge fmie period. 
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By measuring the reference dtscharge time period r required for the output voltage (Vd "to decrease from 
a value of Vh to Vras, a reference value which is Inversely proportional to the amount of current drawn from the 
output of the switchmfl power supply 80 is obtained. This output reference current (1^:) indicates the amount of 
current pulled from the switching power supply 80 when no mk jets 192 are being fired, i.e., all power fines P,.?, 
and ail address fines A,.At3 are turned off. This ref erence discharge period Is measured from the point when the 
pull-down transistor 174 {Rg. 16) has been turned back off at time t,, after the output voltage Vc has stabilized at 
its new higher value V„, until the point in tfane when the switching power supply resumes switching, l.e.. outputting 
a pulse waveform, at time tj. A sensor 180 coupled to the output of the switching power supply BO detects the 
pulse waveform output (Vout) of the switching power supply 80 at time tj and records the time of detection. The 
sensor 180 may be any one of numerous circuits which -are capable of detecting a pulse waveform and which are 
weD-known in the art 

Similar to the method of obtaining the reference discharge period described above, a test discharge period 
may be obtained for each of the following conditions: (1) when only a power line P,.P, is turned on; |Z) when only 
an address line A,-A„ is turned on; and (3) when a jet is turned on (i.e., its corresponding power One and address 
15 rrne is simultaneously turned on). In one embodiment, the above-dfiscribed test discbargs period r^, is measured for 
each of the power fines P,.Pj, each of the address fines A,.A,3, and each of the ink jets 192 one at a time. For 
example by turning on each power fine Py?^ one at a time, without turning on any of the address lines Ai-A|3, each 
of the power lines P,.p, .may be individually tested. Thus/ each element of a printhead cartridge 44 may be 
mdhriduaily tested. 

As discussed above, in order to fire an ink jet 190, a corresponding power line and address line must be 
simuitaneousiy on to create a closed circuit which is electrically coupled between the output of the switching power 
supply 80 and electrical ground. Only then does the switching power supply 80 provide the desired voltage and 
current across the respective ink jet to be fired. Therefore, when a power line is turned on without turning on any 
address line, ideally, there should not be a closed circuit coupled to the output of the switching power supply 80 

25 and} consequently, there should be no addttionai current draw from the capacitor (C,) 1B4. Bysuccessivdy 
turning on each power line, one at a time, with the taming off of the pull>down transistor 174 at time t,, it can 
be determined whether a power One. by itself, is drawing additional current from the power supply 80 when it is 
turned on. Since there should be no additional current draw from a single power line when no address lines are 
simultaneously on, the test discharge period r^^ should be equal to The reference discharge period r. However, If 

30 the test discharge period is measured to be substantially shorter than the reference discharge period r, this 
necessarily indicates that additional current is being drawn by the turning on of that respective power line. As 
shown m Rgure 18, if the test voltage response curve 402 falls to V„ in an amount of time indicated by which 
is substantially shorter than r, the respective power line is' deternuned to have a short circuit and/or an undesired 
closed circuit to electrical ground associated with that power line. In one embodiment, if the test discharge period 

35 r^^ is less than 30% of the reference discharge period r, the respective power line is determined to be defective, 
or nonfunctional 
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In the circuit ilhmreted Rsure IB. the turning en of a power line may be accomplished by providing a 
voltage pulse to the corresponding NPN transistor 190 for that power line. In one embodiment, the pulse for turning 
on a respectnre power line during testing of the power ine has a duty cycle which is 16 times that of a pulse which 
« used to turn on the power One during actual firing of an ink jet during normal operation of the ink jet printer 54 
(F«. U As explained in further detaU below, the 1/16th duty cycle of the -actuar pulse which is used to fire an 
• mk jet 192 when compared to the "tesf pulse which is used during testing of the power line, must be compensated 
for by divldinB any measured current drawn by a power fine during testing by a factor of 16. The increase in duty 
cycle of the test pulse anows adequate time for the output cepacitor (C.) 184 to discharge by an amount 
proportional to dV during testinB of the power fees. Additionally, the increased duty cycle allows a more accurate 
measurement of the characteristics of the power Ene. 

After all the power fines P,P. have been tested, each address line A,.A„ can be tested one at a time h 
a amuiar fashion to the testing of each power line P,P. as described above. The procedure for testing an address 
line may be identical to the procedure for testing a power line and, therefore, need not be repeated here. 

From Equation 1 above, we know that the average current pulled from the switching power supply is given 

by the equation 1.^ - C x (dV/dTl. where C is the mitput capacitance value of the capacitor (C.) 164 dV is a 

change in voltage of the regulated dc output voltage (VJ as the capacitor 184. discharges, and dT is the time 

measured for the voltage change to occur. From this equation, we see that the current drawn froin the output 

eapacrtor (C.) 164 is inversely proportional to the time period dT required to discharge the output capacitor (C,) 164 

as the output vottage changes by an amount equal to dV. With this relationship between the current and the 

discharge period in mind, it fe possible to calculate the average current output of the capacitor (C,) 164 by measuring 

the time period required for the voltage across the capacitor 164 to change from (V„) to (V^. 

By conducting a nodal analysis at the output of the switching power supply 80 of figure 16. the foBowing 
equation h obtained: 

4,ra/ = + + la ^ Iref - (4) 

where 1^ is the total amount of current drawn from the output capacitor (C.) 164 when an ink jet is fired 1^ is 
the emount of current drawn by only a single ink jet when it is fired. ^ U the amount of current drawn by only a 
smgle power fine when i, is tun,ed on (note that a properly functioning power fine should draw nagfigible current) 
I. .s the amount of current drawn by only a single address fine when it is turned on (note that a properly functinnmg 
address line should draw negDgible current), and is the amount of current that is drawn by the 'bleed" resistor 
(R,l 166, ... 

By rewrifmg the above equation in terms of discharge periods which are inversely proportional to theit 
respective currents, the foOowDig aquation is obtained: 
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J J P ^ A ^ T 

m a a a 

where J„ is equal to the measured discharge period when a single ink jet is fired, J, represents the discharge period 
which is inversely proportional to the actual current drawn by only a single ink jet when it Is fired, P. represents 
the discharge period which is inversely proportional to the actual current drawn by only a single power line when 
■ it is turned on, A, represents the discharge period which is inversely proportional to the actual current drawn by only 

5 a »ngle address line when it is turned on, and r is eipial to the reference discharge period (Fig, 4) which is Inversely 
proportional to the amount of current drawn by the bleed resistor 166. 

Because the bleed resistor IBB continuously draws current from the capacitor (C,) 1B4, any measured 
values of current drawn by firing only a single power line, or only a single address line, or by firing an ink jet, must 
take into consideration the continuous current drawn by the bleed resistor 166. With this in mind, we obtain the 

10 following equation with respect to the measured current drawn from the switching power supply when only a single 
address fine is turned on: 

1 _ 1 1 

T + - (6) 



where A„ represents the measured discharge period required for the capacitance voltage to change by an amount 
dV when only a single address line is turned on. Note that the contribution from the discharge of the capacitor <C,) 
1B4 through the bleed resistor (R1) 166 is represented by 1/r, From Equation 6. we can obtain the actual current 
drawn by the address line as follows: 



1 1 1 




(7) 



Similarly, tlie measured current drawn wlien only a single power line is turned on is represented by the 
foUowing equation: 

1 16 1 

= + — (8) 



P P 
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where P„ is the measured discharge period for the capachance voltage (VJ to change by an amount dV when only 
a single power Gne is turned on. As explained above, the fact that 1/P. is multipUed hy a factor of 16 is due to 
the fact that during the test mode. 

The power line is turned on for a duration which is IB times the duration that the pov;refline is turned on 
when firing an ink jet during normal operation of the ink jet printer, in other words, during actual operation of the 
ink jet printer, an ink jet is frad by "pulsing* the power line at a duty cycle which is 1/1 6th of the duty cycle of 
the power fine during testing of the printhead. From the above equation, we can «btahi an equation which represents 
the actual current drawn by firing only a single power line during actual operation of the ink jet printer as follows: 



1 1 1 



Pa 16t 



(9) 



(10) 



By rearranging Equation 5 above, we obtain tlie foilawing equation: 

-^a P. T 

By plugging in the values for 1/A. and 1/P, obtained above, the following equation is obtained: 

J. ^ J. ^ ^ 1 _i_ 



As explained above, J„ equals the measured amount of time required to discharge the capacitor C, such 
that hs voltage ievel drops by an amount equal to dV when a single ink jet is fired, t represents the amount of 
. time dT required tor the voHage capachance to decrease by an amount equal to dV when no elements of the 
printhead cartridge are acthraied. is the measured time period required, for the capacitor to discharge by an 
amount equal to dV when a single power iina is turned on. And flnafly, A„ is the measured amount of time required 
for the capacitance to discharge by an amount equal to dV when only a single address Ime Is turned on. By 
measuring each of these values individuany. a value for 1/J, may be obtamed As discu^ed above, 1/J. is iireclly 
proportional to the actual amount of current which is drawn from the swhching power supply by only a single mk 
jet when that ink jet is fired, not including any current drawn by the bleed reastor T66, nor any daf active address 
or power fines. By obtaming the actual amount of current puQed by only a single ink jet, a determination may be 
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made as to whether that ink jet is deiecth/e, e.g., its drop ejection resistor is damaged, irrespective of whether the 

power line or address line for that ink jet is in proper working order. 

Thus, the Invention provides a method and system in which the actual current drawn from the output 

capacitor (CJ 164 when a single ink jet is fired (assunrung that its corresponding power lines and address lines are ' 
5 in proper working condition) may be provided by 1/J,. Additionally, the amount of current drawn from output 

capacitor (C,) 164 when only a single power line is turned on Is represented .by l/P^ finaljy, the amount of current . 

drawn from the output capacitor (Ct) 164 when only a single address Gne is turned on may be obtained from 1/A.. 

After these values are obtained, they may be compared to threshold values or ranges in order to determine whether 

they fall within these threshold values or ranges. If they do not then in one embodiment, an error message is 
10 provided by an LCD screen which is typically, found on' most, ink jet printers today indicating either a .failed power 

line, a failed address One, or a failed ink jet, as desired by the designer andior manufacturer of the ink jet printer. 

By obtaining- these values, it can be determined whether an ink jet printhead has a defective power line, or e 

defective address line, or whether the ink jet nozzle itself is defective. The comparison of the vahies J„ P, and A, 

to the threshold values or ranges may be accomplished by any circuit which is well-known In the electronics arts. 
15 A significant advantage of the method and system of the Invention is that unlike prior ert methods and 

systems no series current sensing element (Le., resister], is used. Instead, the method and system of the invention 

measures the time It takes for capacitors supplying power to the ink jet cartridges to discharge by a small amount. 

In one embodiment, measurement sequence is as follows: 

1. Command the output voltage of the switching power supply to shift up by dV and allow it to reach 
20 the new value. This may be accomplished by turning on the pull-down transistor 174 (Fig. 16) as descrSied above. 

2. Activate circuitry to be measured (e.g., the jet under test) or do not activate any element If a 
reference discharge period r is to be measured. 

3. Command the output voltage of the switching power supply to shift down and start the time 
measurement. This may be accornplished by turning off the puR-down transistor 174, as described above. The 

25 switchmg power supply will not start switching until the output voltage drops to the commanded value. 

4. When the -switching power supply resumes switching, record the time measurement. This will be 
the measured discharge period which Is Inversely proportional to the amount of current discharged from the output 
capacitor 164. 

This technique can be used to measure the quiescent state (i.e., when no elements are activated), test the 
30 printhead cartridge address fines, test the printhead cartridge power lines, test each ink jet in the test printhead 
cartridge, test the printhead cartridge heaters, or test any combinatioti of these. The measurement of the quiescent 
state is accomplished by measuring the reference discharge period and is used' as a reference point to cafibrate the 
other measurements. 

in one embodiment, the above-described measurements are conducted for each address line and each power 
35 line, and each ink jet at the startup of the' ink jet printer operation. For example, each power line P^-Pg is 
successively turned on in order to measure the value gf the discharge period P„ for each respective power line. 
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Skniiarty, each address line A^-Au is successiveiy turned on in order to measure the discharge period A^ for each 
respecthre address fine. FmaDy, each inic jet in a printhead cartridge is successively fired in order to meesure the 
discharge period J„ for each Mividual ink jet in the printhead cartridge. By obtaining the measured values for each 
power line, each address fine, each ink jet, and the measured reference discharge period, we can obtain' the values 
for A^ P, and J, as described above. Based on these values for P, and A,, the method and system of the 
present invention b capable of distinguishing between a'faHed power fine; a failed address One/or a failed inic jet, 
for example. After a defecfive, or failed, element of the mk jel printer has been identified bi this manner, appropriate 
actions may then be taken to repair, replace, or compensate for the damaged element. 

As described above, a method and system is provided having significant advantages and features over the 
prior art. In accordance with the invention, if one or more ink jets in a jet group is detected as being nonfunctional 
the one or more- nonfunctional jets may be compensated for by the remaining jets in a failed jet's respective jet 
group. This is accompOshed by assigning replacement jet masks to the remaining functional jets within each Jet 
group having one or more nonfunctional jets such that the remaining functional jets compensate for the -failed jet(s) 
within their respective jet groups. This method and system does not utilize auxiliary jets which are idle during tones 
of normal operation. Therefore, the resources of the printhead are maximized. 

Furthermore, the method and system of the invention allows the multi-pass printing method to reduce or 
eliminate coalescence of prmted dots by following a compensation scheme which avoids the printing of vertically and 
horizontally adjacent dots during a single pass of the printhead over the recording medium. If adjacent jets are non- 
functional, then the order of assignment of the replacement masks to the remaining functional jets of the second 
jet group is rotated such that adjacent functional jets do not have identical replacement masks. In this way, vertical 
adjacencies are minimized. 

Furthermore, as described above, if one or more defective jets are detected during the printing process, the 
method and system of the invention successWely updates the portions of the print mask corresponding to only one 
print zone at a tbne. For example, if a defecthre jet is detected during printmg, then prior to the next pass of the 
printhead over the recording medhim, the jet masks corresponding to print zone 1 are updated and the-printhead is 
then aOowed to make another pass over the recording medium. Prior to the next pass, the jet masks corresponding 
to print zone 2 are updated, and so on. In this way, if a defective or nonfunctional jet is detected during the mhldle 
of a printing job, a smooth transition from the original jet group mask to the replacement jet group masked is 
achievel 

Finalhr, as described above, the mvention provides an improved open jet detection method and system in 
which the current required to fire an Ink jet is not measured by maasuring the voltage drop across a series resistor, 
but rather, by measurmg the discharge rate of an Dutput capacitor connected to an output of a switching power 
supply as one or more ink jets of the Ink jet printer are fired. This eliminates the need for series resistors which 
dissipate heat and energy, take up space on the printhead carriages, and make the overall operation of the printhead 
carriage less effrcient and its manufacture more costly. Additionally, by measuring the discharge rate of the output 
capachor after an ink jet has been fired, or after a power fine to the mk jet has been turned on, or after an address 



wo 99/08875 PCTAJS98/16101 

24 

line to the ink jet has been turned on, and comparing these test discharge rates with a reference discharge rate, the 
invention provides b way to determine if there is a defective inlc jet, a defecthre power fine, or a defectfve address 
fine, for exampfe, and to afso distinguish between these types of failures. 

The invention may be embodied in other specific forms without departing from its spirit or essential 
characteristics. The described embodiments are to be considered in all respect only as illustrativa and not restrictive. 
The scope of the invention is, therefore. Indicated by the appended claims, rather than by the foregoing description. 
All changes which come within the meaning and range of equivalency of the claims are to be embraced within tlieir 
scope. 
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1. An ink jet printer which compensates for nonfunctional ink jets in a prihthead, comprismg: 
a processor, coupled to a host computer, which receives print data and cdmmanaf from the host computer; 
a memory, coupled to the processor, which stores at least one print mask and at least one replacement 
print mask; 

a print logic circuit, coupled to the processor, which receives signals from the processor to control the 
operation of the printhead; and 

wherein the printhead includes a pluraOty of ink jets, each ink jet being assigned to print respective dots 
on a respective raster fme of a recording medium in accordence with the at least one prim mask stored within the 
memory, wherein when an ink jet is detected as being defective, at least a portion of said print mask is replaced 
with the replacement print mask also stored in the memory such that one or more of the remaining ink jets of the 
plurafity of ink jets compensates for the defecthre ink jet 

Z The ink jet printer of Claim 1 wherein: 

said printhead includes a plurality of print zones and a plurality of ink jets in each print zone, each ink jet 
being assigned to print respective dots on a respectivB raster line of a recording medhim, wherein the plurality of 
ink jets are dh/ided into a plurality of jet groups, each jet group having at least one ink jet in each print zone; 

said print mask includes a plurality of jat group masks corresponding to a respecthfe one of said plurafity 
of jat groups, wherein each jet group mask allocates the printing of dots on a respecthre raster Hne to each of the 
ink jets of a respective jet group; and 

said replacement print mask includes at least one replacement jet group mask which replaces the jet group 
mask for a jet group having one or more nonfunctional ink jets, wherein the at least one replacement jet group mask 
allocates the printing of dots to the remaining functional ink jets of the jet group having one or more nonfunctional 
ink jets so as to compensate for the one or more nonfunctional ink jets. 

3. An ink-jet printer, comprising a printhead having a plurality of ink jets, each ink jet being assigned 
to print respectwe dots on a respective raster line of a recording medium in accordance with a print mask, wherein 
when an ink jel Is detected as being defectwe, at least a portion of said print mask is replaced with a replacement 
print mask such that one or more of the remaining ink jets of the plurality of mk jets compensates for the defectivE 
ink jet. 

4. ^ The printer of Claim 3 wherein: 

said printhead comprises a plurafrty of print zones; and 

said plurality of ink jets comprises a plurality of jet groups, each jet group having at least one ink jet 
corresponding to each print zone, wherein each jet group is responsible for printing dots on a respective raster line 
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of a recording medium, and wherein when an ink jet in a jet group is non-functional, the remaining functional bic jets 
in that jet group compensate for the non-fun ctionai ink jet. 

5. The printer of Claim 3 wherein: 

5 said print mask comprises a plurality of jet group masks, each jet group mask corresponding to a respective 

one of said plurality of jet groups, each jet group mask having a plurality of jet masks, each jet mask correspondinp 

to a respective ink jet in a respective jet group; and 

said replacement print mask comprises a replacement jet group mask which replaces the jet group mask 

for a jet group having one or more non-functional ink jets, wherein the replacement jet group mask allocates the 
ID printing of dots to the remaining functional ink'jets of the jet group having one or more non-functional ink jets so 

as to compensate for the one or more non-functional ink jets. 

6. The printer of Claim 5 wherein said replacement jet group mask comprises a plurality of 
replacement jet masks, each replacement jet mask corresponding to a respective ink jet in a respective jet group 

15 having one or more non-functional ink jets, and wherein the plurality of replacement jet masks allocate the printing 
of dots to the remaining functional ink jets in the respecthre jet group so as to compensate for the one or more non- 
functional ink jets in that jst group. 

7. The printer of Claim 6 wherein, when an ink jet in a jet group is detected as being nanfunctional 
20 during a printing process, the replacement jet masks, assigned to the remaining functional ink jets in that jet group 

successively replace the original jet masks of each respective Ink jet in that jet group one print zone at a time, per 
pass of the printhead over the recording medium, so as to provide a gradual transition from the original jet group 
mask to the replacement jet group mask 

25 8. The printer of Claim 3 wherein a first subset of said plurality of ink jets corresponds to a first 

jet group and a second subset of the plurafity of ink jets corresponds to a second jet group; 

wherein ink jets belonging to the first jet group are each assigned to print respective dots on a first raster 
line of a recording medium in accordance with a first jet group mask, wherein when an ink jet in the first jet group 
is detected as being defective, the first jet group mask Is replaced by a replacement jet group mask such that one 

30 or more of the remaining ink jets in the first jet group compensates for the del ecth/e ink jet in the first jet group; 
and 

wherein ink jets belonging to the second jet group are each assigned. to print respecthre dots on a second 
raster line of the recording medium in accordance with a second jet group niask, wherein when an ink jet in the 
second jet group is 'detected as being defective, the second jet group mask is replaced by the replacement jet group 
35 mask such that one or more remaining ink jets in the second jet group compensates for the defective ink jet in the 
second jet group. 
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9. The printer of Claim 8 wharein: 

said replacement jet group mask comprises a plurafity of replacement jet masks, each replacement jet mask 
determining the printing configuration of a designated ink jet; and 

wherein, when said first jet group is adjacent to said second jet group, the plurality of replacement jet 
masks are assigned to respective ink jets in the first and second jet groups so as to avoid the printing of vertically 
adjacent dots during a angle pass of said printhead over the f ecording medium. 

10. The printer of Claim 9 wherein said plurality of replacement jet masks are sequentially numbered 
and assigned to respective remaining functional ink jets of the first jet group based upon the print zone numbers of 
the remaining functional ink jets such that ascending replacement jet niask numbers correlate with ascending print 
zone numbers; and 

when said first jet group is adjacent to saki second jet group, the plurality of replacement jet masks are 
assigned, to respective remaining functional ink jets of the second jet group based on a rotation scheme such that 
the order of assignment of the plurality of replacement jet masks to respective functional ink jets in the second jet 
group is rotated when compared to the order of assignment of the plurality of replacement jet masks to respectwe 
functional ink jets in the first jet group so as to avoid the assignment of identical replacement jet masks to adjacent 
ink jets in one print zona. 

11. "A method of .compensating for nonfunctional ink jets in an ink jet printer which includes a 
printhead having a plurality of ink jets, each ink jet being assigned to print respective dots on a respective raster 
fine of a recording medium in accordance with a print mask, said method comprising the acts of : 

determining when one or more ink jets are nonfunctional; and 

replacing at least a portion of the print mask with a replacement print mask such that one or more of the 
remainbig ink jets of the pIuraHty of ink jets compensates for the one or more nonfunctional ink jets. 

12. The method of Claim 11, wherein said printhead comprises a plurality of print zones wherein only 
a portion of a raster line is printed in any one print zone, said plurality of ink jets comprise a plurality of jet groups, 
each jet group having at least one ink jet corresponding to each print zone, wherein each jet group is responsible 
for printing dots on a respecthre raster line of a recording medium, said print mask comprising a plurality of jet group 
masks, each jet group mask corresponding to a respective one of said plurality of jet groups, each jet group mask 
having a pliirafity of jet masks, each jet mask corresponding to a respective ink jet in a respecthre jet group, and 
wherein said act of replacing at least a portion of said print mask comprises: 

when a jet group is determined to have one or more nonfunctional jets, replacing the jet group mask for 
that jet group with a replacement jet group mask which aOocates the printing of dots on a respective raster line to 
the remaining functional ink jets of that jet group so as to compensate for the one or more nonfunctional ink jets 
in that jet group. 
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13. The method of Claim 12 wherein said replacement jet group mask comprises a plurality of 
replacement jet masks, each replacement jet mask corresponding to a respactive ink jet in a respective jet group 
having one or more non-functional ink jets, and wherein the plurafity of replacement jet masks allocate the printing 
of dots to the remaining functional ink jets m the respective jet group so as to compensate for the nonfunctional 

5 ink jets in that jet group, and wherein said act of replacing said jet group mask with a replacement jet group mask, 
comprises: 

when an ink jet in a jet group is detected as being non-functional durmg a printing process, successively 
replacing the original jet masks of each respecth/e ink jet in that jet group with the corresponding replacement jet 
masks assigned to each respecthre Ink jet in that jet group one print zona at a time, per pass of the printhead over 
10 the recording medium, so as to provide a gradual transition from the original jet group mask to the replacement jet 
group mask 

14. The method of Claim 11 wherein a first subset of said phiraitty of inic jets corresponds to a first 
jet group and a second subset of the plurality of ink jets corresponds to a second jet group, and wherein said act 

15 of replacmg at least a portion of said print mask comprises: 

when an ink jet in the first jet group is detected as being defecthre, replacing a first jet group mask 
corresponding to the first jet group with a replacement jet group mask such that one or more of the remaining ink 
jets in the first jet group compensates for the defecthre ink jet in the first jet group; and 

when an ink jet in the second jet group is detected as being defectWe, replacing a second jet group maslc 
20 corresponding to the second Jet group with the replacement jet group mask such that one or more remaining ink jets 
in the second jet group compensates for the defective ink jet in the second jet group. 

15. The method of Claim 14 wherein said replacement jet group mask comprises a plurality of 
replacement jet masks, each replacement jet mask determining the printing configuration of a designated ink jet, and 

25 wherein the method further comprises^ when both the first and second jet groups have a nonfunctional ink jet, and 
when said fn^st jet group is adjacent to said second jet group, assigning the plurality of replacement jet masks to 
respective ink jets in the first and second jet groups so as to avoid the printing of vertically adjacent dots during 
a single pass of said printhead over said recording medium. 

30 16. The method of Claim 15 wherein the act of assigning the plurality of replacement jet masks to 

respective ink jets in the first and second jet groups comprises the acts of: 

designating each replacement jet mask of said plurality of replacement jet masks with a sequential number; 
assigning each replacement jet mask to respecthre remaining functional ink jets in the first jet group based 
upon the print zone numbers of the remaining functional ink jets in the first jet group such that ascending 
35 replacement jet mask numbers correlate with iscending print zone numbers of the remaining functional ink jets in 
the first jet group; and 
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when said first jet group is adjacent to said second jet group, assigning the plurality of replacement jet 
masks to respectivB remaining functional in Ic jets in the second jet group based on a rotation scheme such that the 
order of assignment of the plurality of replacement jet masks to respective functional ink jets in the second jet group 
is rotated when compared to the order of assignment of the- plurality of replacement jet masks to respective, 
functional ink jets in the first jet group such that the correlation between replacement jet mask numbers and print 
zone numbers of functional Ink jets In the second jet group is shifted when compared to the correlation between the 
replacement jet mask numbers and print zone numbers of functunal ink jets in the first jet group, so as to avoid the 
assignment of identical replacement jet masks to adjacent ink jets in one prmt zone. 

17. An mk jet printer system for detecting a nonfunctional element m an ink jet printhead, coniprisinjg: 
a switching power supply, coupled to the Inkjet printhead, for supplying power to the printhead; 
an output capacitor, coupled to an output of the switching power supply, for storing a dc voltage therein; 
a bleed resistor, coupled in parallel to the output capacitor, for discharging current from the output 
capacitor; 

an output shifting circuit, coupled to the switching power supply, for shifting the dc voltage level across 
the output capacitor between a low state and a. high state; and 

a sensor, coupled to the output of the switching power supply, for detecting when the switching power 
supply Is switching, wherein an element of the printhead is tested by measuring a test current discharging from the 
output capacitor when the element is activated and comparing the measured test current with a reference current 
which discharges from the output capacitor through the bleed resistor. 



IB. The system of Claim 17 wherein said output shifting circuit comprises: 
a voltage divider network having a first resistor and a second resistor coupled in series with the first 
resistor, wherein the first resistor is directly coupled to said output capacitor at a first node and the second resistor 
25 is directly coupled to the first resistor at a second node, wh^reia tbe second node is connected to a feedback port 
on said switching power supply so as to provide a feedback voltage level to the switching power supply; 
a pull down resistor, coupled to the voltage divider network at the second node; and 
a puR.down switch, coupled in series with the pulkown resistor, wherein, when the pulNdown switch Is 
turned on. said output voltage level increases from its low state to its high state, and when the pull-down switch 
is turned off, the output voltage level across the output capacitor decreases from its high state to its low state at 
a rate which is determined by an amount of current discharging from the output capacitor. 

19. The system of Claim 17 wherein: 

said sensor measures said test current by measuring a test discharge period required for said output vohage 
35 to decrease from said high state to said low state as a result of said output capacitor discharging current through 
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said element which has been activated, the test discharge period being inversely proportional to the test current: and 
wherein 

said sensor measures said reference current by measuring a reference discharge period required for the 
output vohage to decrease from the high state to the low state as a result of the output capacitor discharging 
5 current through the bleed resistor, the reference discharge period being inversely proportional to the reference current 

20. The system of Claim 16 wherein said output capacitor is coupled to a pluraHty of power lines of 
said printhead, said printhead havoig a plurafity of ink jets, each ink jet corresponding to one of a plurality of power 
lines and one of a plurality of address fines of the printhead, and wherein, when an inic jet Is desired to be tested, 

10 its corresponding power line and address line are sniiultaneously on, when a power lirie desired to be tested, only 
that power Gne is turned on, and when an address line is desired to be tested, only that address line is turned on. 

21. An ink jet printer system for detecting a nonfunctional element in an ink jet printhead, comprising: 
means for supplying regulated power to the prmthead; 

15 capacitor means, coupled to the means for supplying regulated power, for storing a dc voltage therein; 

means for dlschargmg current from the capacitor means; 

means for shifting the dc vohage level stored in the capacitor means between a low state and a high state; 
means for measuring a test current discharging from the capacitor means when an element of the printhead 
is activated; and 

2Q means for comparing the measured test current with a reference current wluch discharges from the 

capacitor means through only the means for discharging when no element of the printhead Is activated. 

22. the system of Claim 21 wherein said means for measuring a test current comprises sensor means 
for detecting when the means for supplying power is providing a predetermined output signal 

25 

23. The system of Claim 21 wherein said means for shifting comprises: 

means for dividing said dc voltage level by a desired amount so as to provide a feedback voltage to said 
means for supplying power which is representative of said output voltage level; and 

means for adjusting the means for dividing such that said output voltage level is adjustable from its low 
30 state to its high state and vice versa. 

24. The system of Claim 21 wherein: 

said ma^ns for measuring said test current includes means for measuring a test discharge period required 
for said dc voltage jevel to decrease from said high state to said low state as a result of said capacitor means 
35 discharging current through an activated element^ the test discharge period being inversely proportional to the test 
current: and wherein 
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said, means for measuring said reference current includes means for measuring a reference discharge period 
required for the dc voltage level to decrease from the high state to the low state as a result of the capacitor means 
discharging current through said discharging means, the reference discharge period being inversely proportional to the 
reference current 

25. A method of detecting a nonfunctional element in a printhead of an ink jet printer, comprising the 

acts of: 

supptymg regulated power to the printhead; 

storing the regulated power m a capacitor so as to provide a dc voltage across the capacitor; 
shifting the dc voltage level stored m the capacitor from a low state to a high state; 
allowing the capacitor to discharge such that the dc voltage across the capacitor decreases from the high 
state to the low state; 

measuring a reference current discharging from the capacitor through a bleed resistor, when no elements 
of the prmthead are activated; 

measurmg a test current discharging from the capacitor when an element of the printhead is actuated; and 
comparing the measured test current with the reference current. 



26. The method of Claim 25 wherein said act of measuring a test current comprises detecting when 
a switching power supply is providing an output signal to charge said capacitor, the capacitor being coupled to the 

20 output of the switching power supply. 

27. The method of Claim 26 wherein said act of shifting the dc vohage level comprises: 

dividing said dc output voltage level by a desired amount so as to provide a feedback voltage to said 
switching power supply which is representathre of the dc voltage level; and 

25 adjusting the feedback voltage level such that said dc voltage level -is -adjusted from its low state to its 

high state. 

28. The method of Claim 25 wherein: 

said act of measuring said test current comprises measuring s test discharge period required for said dc 
voltage level to decrease from said high state to said low state as a result of said capacitor discharging current 
through an acthrated element, the test discharge period being inversely proportional to the test current: and wherein 

said act of measuring said reference current comprises measuring a reference discharge period required 
for the dc voltage level to decrease from the high state to the low state as a result of the capacitor discharging 
current through kaid bleed resistor, the reference discharge period being inversely proportional to the reference 
35 current 
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29. An ink jet printer system for detecting a nonfunctions! element in an inlc jet printhead, without 
the necessity of adding a separate resistive element in series with the nonfiinctional element, said ink jet printer 
system comprishig: 

first means for supplying regulated power to said printhead; 

second means for storing a predetermined magnitude of charge from said regulated power supply 
so as to provide a dc voltage; 

third means coupled to said second means for discharging at least a portion of said stored charge 
- into a circuit having a fixed reference resistance; and . 

fourth means coupled to said second means for comparing the actual duration of a test discharge 
period, which corresponds to the time required to discharge at least a portion' of said stored charge into 
said element of said printhead, with a reference dischBrge period which corresponds to the time required 
to discharge at least a portion of said stored charge into said circuit having a fixed reference resistance. 

30. An ink jet printer system for detecting a nonfunctional jet in an ink jet printhaad without 
the necessity of adding a separate resistive element in series with each of the. jets of said, printhead for 
measuring the voltage drop across each of said series resistors to ascertain whether a respective jet of 
said printhead is properly functioning, said ink jet printer system comprising: 

first means for storing a predetermined magnitude of charge; and 

second means coupled to said first means for dlschargmg said stored charge into a circuit 
including said ink jet printhead and comparing the actual duration of said discharge period with a 
predetermined discharge perbd which corresponds to the circuit when no elements in said ink jet printhead 
are activated. 
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